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IMMOBILIZED BIOLOGICALLY ACTIVE 
ENTITIES HAVING A HIGH DEGREE OF 

BIOLOGICAL ACTIVITY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of co 
pending application Ser. No. 11/747,162, ?led May 10, 
2007, Which is a continuation-in-part of co-pending appli 
cation Ser. No. 11/433,105, ?led May 12, 2006. 

BACKGROUND OF THE INVENTION 

[0002] In the ?eld of medical devices, glass, polymeric, 
and/or metallic materials are common substrate materials. 
These materials can be used for diagnostic devices or 
extracorporeal devices. With the exception of glass, many of 
the materials can be used for implantable devices. 

[0003] Immobilization of biologically active entities on 
substrate materials in a biologically active form involves an 
appreciation of the respective chemistries of the entity and 
the substrate material. Modi?cation of the chemical com 
position of a substrate material may be required to immo 
bilize a biologically active entity thereon. This is usually 
accomplished by treating surfaces of the substrate material 
to generate a population of chemically reactive elements or 
groups, folloWed by immobilization of the biologically 
active entity With an appropriate protocol. With other sub 
strate materials, surfaces of a substrate material are covered, 
or coated, With a material having reactive chemical groups 
incorporated therein. Biologically active entities are then 
immobilized on the substrate material through the reactive 
chemical groups of the covering material. A variety of 
schemes for covering, or coating, substrate materials have 
been described. Representative examples of biologically 
active entities immobilized to a substrate material With a 
covering, or coating, material are described in US. Pat. Nos. 
4,810,784; 5,213,898; 5,897,955; 5,914,182; 5,916,585; and 
6,461,665. 

[0004] When biologically active compounds, composi 
tions, or entities are immobilized, the biological activity of 
these “biologics” can be negatively impacted by the process 
of immobilization. The biological activity of many of bio 
logics is dependent on the conformation (i.e., primary, 
secondary, tertiary, etc.) of the biologic in its immobilized 
state. In addition to a carefully selected immobilization 
process, chemical alterations to the biologic may be required 
for the biologic to be incorporated into the covering material 
With a conformation that renders the biologic sufficiently 
active to perform its intended function. 

[0005] Despite an optimized covering and immobilization 
scheme, the biological activity of the immobilized biologic 
can be less than desired, particularly if additional process 
ing, such as sterilization, is included. For implantable medi 
cal devices, sterilization is required prior to use. Sterilization 
may also be required for in vitro diagnostic devices having 
sensitivity to contaminants. Sterilization of such devices 
usually requires exposure of the devices to elevated tem 
perature, pressure, and humidity, often for several cycles. In 
some instances, antibiotic agents, such as ethylene oxide gas 
(EtO) or vapor hydrogen peroxide are included in the 
sterilization process. In addition to sterilization, mechanical 
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compaction and expansion, or long-term storage of an 
immobilized biologic can degrade the activity of the bio 
logic. 

[0006] There exists a need for medical devices having 
biologically active entities immobilized thereon Without 
signi?cant loss of biological activity, particularly When the 
immobilized biologically active entities are subjected to 
sterilization, mechanical compaction and expansion, and/or 
storage. Such a medical device Would have biologically 
compatible compositions or compounds included With the 
immobilized biologically active entities that serve to mini 
mize degradation of the biological activity of the entities 
during immobilization, sterilization, mechanical compaction 
and expansion, and/or storage. In some instances, the addi 
tional biologically compatible compositions or compounds 
Would increase the biological activity of some biologically 
active entities folloWing a sterilization procedure. Biologi 
cally active entities of particular interest for immobilization 
have anti-thrombotic properties. 

SUMMARY OF THE INVENTION 

[0007] The present invention relates to medical devices 
having substrate materials With biologically active entities 
having heparin cofactor II binding activity immobilized 
thereon. In some embodiments, the biologically active enti 
ties are immobilized in combination With additional biologi 
cally compatible organic chemical compositions that enable 
the biologically active entities to retain signi?cant heparin 
cofactor II binding activity, especially folloWing exposure of 
the immobilized entities to processing and storage condi 
tions that Would otherWise degrade the biological activity of 
the entities. In some embodiments, the additional biologi 
cally compatible organic chemical compositions provide 
adjunctive functions to substrates or coatings to Which the 
biologically active entities are immobilized. 

[0008] A suitable substrate material can be any material 
With a surface having reactive chemical groups that are 
capable of attaching, con?ning, or otherWise immobilizing a 
biologically active entity in a biologically active form to one 
or more surfaces of the substrate material. Substrate mate 
rials can also have a multiplicity of reactive chemical groups 
added to surfaces of the materials through the application of 
one or more covering compositions, or materials, to the 
surfaces. At least a portion of a covering material has 
chemical elements, groups, compounds, or components that 
are reactive to biologically active entities and serve to attach, 
con?ne, or otherWise immobilize a biologically active entity 
in a biologically active form to the covering material. In 
some embodiments, the biologically active entity can be 
reversibly immobilized. 

[0009] At least one type of biologically active entity is 
chemically attached, con?ned, or otherWise immobilized to 
suitable reactive chemical groups on the substrate material 
and/or covering material. Following immobilization of a 
plurality of biologically active entities to at least a portion of 
a multiplicity of reactive chemical groups present on a 
substrate material and/or covering material, an additional 
biologically compatible organic composition is covalently 
or non-covalently combined With the biologically active 
entities, substrate, and/or polymeric covering material. The 
biologically compatible organic composition interacts With 
the biologically active entities and reactive chemical groups 
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of the substrate material and/ or covering material to prevent 
the biologically active entities from loosing biological activ 
ity under conditions that Would otherWise signi?cantly 
degrade the biological activity of the entities. These condi 
tions include sterilization and storage. With expandable 
endoluminal medical devices, for example, mechanical 
compaction and expansion of such devices can also signi? 
cantly degrade the biological activity of the entities. 

[0010] In some cases, the additional biologically compat 
ible organic composition seems to maintain the biological 
activity of the entities, particularly during immobilization, 
sterilization, storage, and/or mechanical manipulation by 
limiting undesirable alterations to the entities often induced 
by immobilization, sterilization, storage, and/or a mechani 
cal manipulation process. The activity-diminishing alter 
ations could include conformational changes to a biologi 
cally active entity obscuring an active site on the entity. The 
activity-diminishing alterations could also include interac 
tions betWeen neighboring immobilized biologically active 
entities. Rearrangements of immobilized biologically active 
entities With respect to a polymeric covering material are 
other possible activity-diminishing alterations to the entities. 
Simple denaturation, or other degradation, of the immobi 
lized biologically active entities could be another means by 
Which the entities loose biological activity. As described in 
greater detail herein, biologically active entities immobi 
lized, sterilized, stored, and/or mechanically manipulated in 
the presence of the additional biologically compatible 
organic composition may retain a degree of biological 
activity signi?cantly greater than a similar immobilized 
biologically active entity processed under the same condi 
tions in the absence of the additional biologically compatible 
organic composition. 

[0011] The additional biologically compatible organic 
composition can be removed from a sterilized medical 
device during post-sterilization processing or the composi 
tion can be removed by physiological processes of an 
implant recipient following deployment of the sterilized 
medical device at an implantation site. 

[0012] Preferred biologically active entities reduce or 
inhibit thrombus formation on surfaces of a substrate and/or 
covering material. Glycosaminoglycans are preferred anti 
thrombotic agents for use in the present invention, With 
dermatan disulfate, dermatan disulfate analogs, and deriva 
tives being particularly preferred. Other preferred biologi 
cally active substances reduce undesirable cellular groWth 
from tissue in Which the present invention is implanted. 
Preferred anti-proliferative agents for use in the present 
invention include, but are not limited to, dexamethasone, 
rapamycin, and paclitaxel. 

[0013] Accordingly, one embodiment of the present inven 
tion relates to a medical device comprising a substrate 
material, a polymeric covering material attached to at least 
a portion of a surface of said substrate material, a plurality 
of biologically active entities having heparin cofactor II 
binding activity covalently attached to at least a portion of 
said polymeric covering material, and Wherein said biologi 
cally active entities have a heparin cofactor II binding 
activity of at least 5 picomoles heparin cofactor II per square 
centimeter (pmol/cmz). In other embodiments, the anti 
thrombin binding activity is at least 12 picomoles heparin 
cofactor II per square centimeter (pmol/cm2) substrate mate 
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rial, or at least 20 picomoles heparin cofactor II per square 
centimeter (pmol/cm2) substrate material. In some embodi 
ments, the heparin cofactor II binding activity is at least 50 
pmol/cm2 picomoles heparin cofactor II per square centi 
meter (pmol/cm2) substrate material. 

[0014] In another embodiment, the invention relates to a 
medical device comprising a substrate material, a polymeric 
covering material attached to at least a portion of a surface 
of said substrate material, a plurality of biologically active 
entities having heparin cofactor II binding activity of at least 
5 picomoles heparin cofactor II per square centimeter (pmol/ 
cm2) covalently attached to at least a portion of said poly 
meric covering material, and a biologically compatible com 
position combined With said polymeric covering material 
Wherein said biologically compatible composition has anti 
thrombin III binding activity. 

[0015] In another embodiment, the present invention 
relates to a medical device comprising a substrate material, 
a polymeric covering material attached to at least a portion 
of a surface of said substrate material, a ?rst plurality of 
biologically active entities having heparin cofactor II bind 
ing activity and a second plurality of biologically active 
entities having anti-thrombin III binding activity covalently 
attached to at least a portion of said polymeric covering 
material, and a biologically compatible composition com 
bined With said polymeric covering material, Wherein said 
biologically active entities have a heparin cofactor II binding 
activity of at least 5 picomoles heparin cofactor II per square 
centimeter (pmol/cm2) and at least 5 picomoles anti-throm 
bin III per square centimeter. 

[0016] In yet another embodiment, the present invention 
relates to a medical device comprising a substrate material, 
a plurality of chemical entities having heparin cofactor II 
binding activity present on at least a portion of said substrate 
material, a ?rst biologically compatible composition com 
bined With said substrate material, and a second biologically 
compatible composition admixed thereWith. 

[0017] A further embodiment of the present invention 
relates to a medical device comprising a substrate material, 
a polymeric covering material attached to at least a portion 
of a surface of said substrate material, a plurality of chemical 
entities having heparin cofactor II binding activity present 
on at least a portion of said polymeric covering material, a 
?rst biologically compatible composition combined With 
said substrate material, and a second biologically compatible 
composition admixed thereWith. 

[0018] In embodiments relating to non-covalently com 
bined biologically compatible organic compositions, at least 
a portion of the organic composition is often released from 
the sterilized or mechanically manipulated medical device 
Within several hours When placed in a 0.15 M phosphate 
buffer solution having a temperature of about thirty-seven 
degrees centigrade and a substantially neutral pH. Presence 
of the released compounds can be detected in the buffer 
solution With routine assay techniques. 

[0019] In embodiments relating to covalently combined 
biologically compatible organic compositions, the organic 
composition is substantially retained on the sterilized or 
mechanically manipulated medical device folloWing steril 
ization or mechanical manipulation. 

[0020] In yet other embodiments, the covalently combined 
biologically compatible organic composition may be 
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released from the polymeric covering material through 
reversal of a covalent bond. Presence of the compounds 
released by reversal of a covalent bond can be detected in a 
bulfer solution With routine assay techniques. 

[0021] In some embodiments, the biologically compatible 
organic composition may be admixed prior to mechanical 
manipulation and/or sterilization. In other embodiments, the 
biologically compatible organic composition may be 
admixed folloWing mechanical manipulation or sterilization 
(i.e., in an operating room). This is particularly useful When 
the organic composition may be degraded through mechani 
cal manipulation or sterilization of a substrate or device 
utilizing the composition. This also permits the organic 
composition to be placed at particular locations on a sub 
strate or device and at varying dosages. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is a schematic representation of a polymeric 
substrate material having a multiplicity of reactive chemical 
groups thereon. 

[0023] FIG. 1A is a schematic representation of a metallic 
substrate material. 

[0024] FIG. 2 is a schematic representation of a polymeric 
substrate material having a plurality of biologically active 
entities immobilized thereto. 

[0025] FIG. 3 is a schematic representation of a polymeric 
substrate material having a polymeric covering material With 
a multiplicity of reactive chemical groups thereon. 

[0026] FIG. 3A is a schematic representation of a metallic 
substrate material having a polymeric covering material With 
a multiplicity of reactive chemical groups thereon. 

[0027] FIG. 4 is a schematic representation of a polymeric 
substrate material having a polymeric covering material With 
a plurality of biologically active entities immobilized 
thereto. 

[0028] FIG. 4A is a schematic representation of a metallic 
substrate material having a polymeric covering material With 
a plurality of biologically active entities immobilized 
thereto. 

[0029] FIG. 5 is a schematic representation of a polymeric 
substrate material having a plurality of biologically active 
entities immobilized thereto and an additional biologically 
compatible composition combined thereWith. 

[0030] FIG. 6 is a schematic representation of a polymeric 
substrate material having a polymeric covering material With 
a plurality of biologically active entities immobilized thereto 
and an additional biologically compatible composition com 
bined thereWith. 

[0031] FIG. 6A is a schematic representation of a metallic 
substrate material having a polymeric covering material With 
a plurality of biologically active entities immobilized thereto 
and an additional biologically compatible composition com 
bined thereWith. 

[0032] FIG. 6B is a schematic representation of a poly 
meric substrate material having a polymeric covering mate 
rial With a plurality of biologically active entities immobi 
lized thereto shoWing some of the biologically compatible 
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composition illustrated in FIG. 6 having been released from 
the substrate material and polymeric covering material. 

[0033] FIG. 6C is a schematic representation of a metallic 
substrate material having a polymeric covering material With 
a plurality of biologically active entities immobilized thereto 
shoWing some of the biologically compatible composition 
illustrated in FIG. 6A having been released from the sub 
strate material and polymeric covering material. 

[0034] FIG. 7 is a schematic representation of a polymeric 
substrate material having three layers of polymeric covering 
material applied thereto With a plurality of biologically 
active entities immobilized thereto and an additional bio 
logically compatible composition combined thereWith. 

[0035] FIG. 7A is a schematic representation of a metallic 
substrate material having three layers of polymeric covering 
material applied thereto With a plurality of biologically 
active entities immobilized thereto and an additional bio 
logically compatible composition combined thereWith. 

[0036] FIG. 7B is a schematic representation of a poly 
meric substrate material having three layers of polymeric 
covering material applied thereto With a plurality of biologi 
cally active entities immobilized thereto shoWing some of 
the biologically compatible composition illustrated in FIG. 
7 having been released from the substrate material and 
polymeric covering material. 

[0037] FIG. 7C is a schematic representation of a metallic 
substrate material having three layers of polymeric covering 
material applied thereto With a plurality of biologically 
active entities immobilized thereto shoWing some of the 
biologically compatible composition illustrated in FIG. 7A 
having been released from the substrate material and poly 
meric covering material. 

[0038] FIG. 8 is a bar graph illustrating hoW sterilization 
of unbound heparin does not signi?cantly reduce the bio 
logical activity of the heparin. 

[0039] FIG. 9 is a bar graph illustrating the effect of a 
variety of biologically compatible organic compositions on 
the biological activity of end-point attached heparin immo 
bilized to reactive chemical groups on a polymeric covering 
material during and after exposure of the immobilized 
heparin to an ethylene oxide sterilization regimen. 

[0040] FIG. 10 is a bar graph illustrating the ability of 
added heparin or dextran sulfate biologically compatible 
organic compositions to result in high levels of ATIII bind 
ing activity of heparin immobilized to a polymeric covering 
material on a substrate during and after exposure of the 
immobilized heparin to an ethylene oxide sterilization regi 
men. 

[0041] FIG. 11 is a bar graph illustrating the ability of 
added dextran sulfate to maintain the biological activity of 
end-point attached heparin immobilized on a polyvinyl 
alcohol coated substrate during and after exposure of the 
immobilized heparin to an ethylene oxide sterilization regi 
men. 

[0042] FIG. 12 is a bar graph illustrating the ability of 
added glycerol to maintain the biological activity of end 
point attached heparin immobilized on a polymeric covering 
material of a substrate folloWing compaction and expansion 
of the substrate material. 


















































